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Abstract 
This article is aimed to experimentally validate the beneficial effects of boundary layer suction on improving the aerodynamic 
performance of a compressor cascade with a large camber angle. The flow field of the cascade is measured and the ink-trace flow 
visualization is also presented. The experimental results show that the boundary layer suction reduces losses near the area of 
midspan in the cascade most effectively for all suction cases under test. Losses of the endwall could remarkably decrease only 
when the suction is at the position where the boundary layer has separated but still not departed far away from the blade surface. 
It is evidenced that the higher suction flow rate and the suction position closer to the trailing edge result in greater reduction in 
losses and the maximum reduction in the total pressure loss accounts to 16.5% for all cases. The suction position plays a greater 
role in affecting the total pressure loss than the suction flow rate does. 
Keywords: turbomachinery; boundary layer suction; high-load diffusion cascade; experimental investigation  
1. Introduction 
The improvement of turbomachinery calls for higher 
loading capacity of a single compressor stage. As is 
clear to all, increasing the flow turning is one of the 
ways to increase the cascade load, which also leads to 
the thickening of boundary layer or even its separation 
in the diffusion cascade. In most cases, this three-di-
mensional (3D) flow separation is inevitable. Many 
researchers have long applied themselves to finding 
the ways to increase the blade loading and meantime 
decrease the loss. A. J. Wennerstorm[1] pointed out that 
the development of boundary layer under control plays 
an important role in enlarging loading capacity. As one 
of the effective methods to affect the flow separation, 
the boundary layer suction attracts the attention from 
ever-increasing researchers. 
The beneficial effects of boundary layer suction on 
the aerodynamic performance improvement have al- 
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ready been disclosed since 1971[2]. Putting forward the 
concept of aspirated compressor in 1997, J. L. Kerre-
brock, et al.[3] pointed out that effectuating boundary 
layer suction at the position where the shock exists on 
the suction surfaces of blades in a transonic compres-
sor stage could enhance the flow turning, the flow ca-
pacity and the efficiency. D. P. Reijnen[4] further 
proved that the boundary layer suction would be fa-
vorable to reducing the flow deviation at cascade 
exits and delaying rotating stall. Y. C. Niu, et al.[5] 
experimentally investigated the influences of suction 
positions and suction flow rates on the losses and the 
flow deviation at cascade exits. Their conclusion 
shows that the beneficial effects of boundary layer 
suction are very limited, which might be ascribed to 
the small profile camber angle and the suction flow 
rates they employed in their study. Y. P. Song, et al.[6-8] 
and F. Chen, et al.[9-11] performed extensive numerical 
studies on the effects of boundary layer suction on the 
aerodynamic performance of a compressor cascade 
with a large camber angle at Harbin Institute of Tech-
nology. Their results show that the boundary layer suc-
tion provides an effective approach to ameliorate the 
performance of the high-load compressor cascade. The 
geometry and aerodynamic characteristics of the suc-
tion adopted in this article are selected based on these 
studies. As a proven efficient tool to control flow field, 
the boundary layer suction has been studied by many 
researchers at home and abroad and an abundance of 
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valuable results have been reaped[12-18], however, the 
disposable information from the experimental investi-
gation on the high-load diffusion cascade still suffers 
from insufficiency.  
This article experimentally adopts a prototype of a 
high-load compressor cascade with a large camber 
angle, to which the boundary layer suction is applied at 
different chordwise and different suction flow rates in 
an attempt to clarify the effects of boundary layer suc-
tion on the performance of high-load compressor and 
provide guidance for its practical application.  
2. Experimental Setup 
2.1. Low-speed cascade wind tunnel 
Performed in a low-speed cascade wind tunnel (see 
Fig.1) at Harbin Institute of Technology, this experi-
ment adopts Mach number of 0.23. Fig.2 illustrates the 
inlet velocity profile, in whichU and H stand for the 
relative inlet speed and relative blade height respec-
tively. 
 
1—Damping chamber; 2—Commutating trunk; 3—Screen; 
4—Honeycomb; 5—Observation window; 6—Honeycomb screen; 
7—Convergent section; 8—Inlet of cascade; 9—Movable side plate; 
10—Test section; 11—Anemometer;12—Displacement mechanism; 
13—Adjustable half disk 
Fig.1  Sectional view of a low-speed cascade wind tunnel. 
 
Fig.2  Distribution of inlet velocity. 
2.2. Boundary layer suction system 
In the boundary layer suction system (see Fig.3), 
hollow blades and the water ring suction pump are 
connected with metal/plastic pipes. The suction flow 
 
1—Test section; 2—Hollow blade; 3—Vacuum cavity; 4—Pipes; 
5—Vortex street flowmeter; 6—Air intake; 7—Intake valve; 
8—Water ring suction pump; 9—Air outlet; 10—Outtake valve; 
11—Moisture trap; 12—Vent; 13—Backwater outlet; 14—Water tank; 
15—Water replenishing pipe;16—Water replenishing valve; 
17—Drain valve; 18—Waterspout 
Fig.3  Boundary layer suction system. 
rates are measured by a vortex street flowmeter and 
controlled by the intake valve of the pump to obtain 
the desired suction flow rate. 
2.3. Profile parameters of high-load compressor cas-
cade 
The linear cascade is composed of seven straight 
blades each with a 60° camber angle (see Fig.4), 
whose profile is developed by ourselves to attain the 
large diffusion on the ground of the results of previous 
numerical studies. Table 1 lists the geometrical pa-
rameters of the blade with a suction slot. In Table 1, t 
represents pitch, and h blade hight. 
 
Fig.4  Blades each with a cavity and definitions of parameters. 
Table 1  Geometrical and aerodynamic parameters 
Parameter Value 
Chord length b/mm 120 
Solidity b/t 1.28 
Aspect ratio h/b 1.33 
Inlet metal angle β1p /(°) 40 
Outlet metal angle β2p/(°) 100 
Camber angle ψ /(°) 60 
Axial chord length B/mm 118 
Width of slot U/mm 2 
3. Experimental Scheme 
The article investigates five different linear cascades. 
Besides one as the baseline, denoted by “ori”, without 
boundary layer suction applied, the other four, marked 
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by “Slot 1”, “Slot 2”, “Slot 3” and “Slot 4”, are sup-
plied with boundary layer suction separately at 25%, 
35%, 48%, and 60% of the chord through full-span 
slots on the suction surface of the blade. Fig.5 demon-
strates the chordwise location of the four slots. Three 
suction flow rates are chosen to be 0.5%, 1.0% and 
1.5%, expressed by “ȕ=0.5%”, “ȕ=1.0%” and “ȕ = 
1.5%”, of the inlet mass flow, which are effectuated by 
changing the opening of the intake valve of the va- 
cuum pump. Except the possible variation of the at-
mospheric pressure, all measurements are taken under 
the same conditions. 
 
Fig. 5  Location of suction slots. 
The outlet flow field of the cascades is measured at 
40% of the chord downstream of the trailing edge. The 
five-hole probe used in the experiments is calibrated in 
a low-speed calibration tunnel at a close velocity to 
that of the cascade outlet for directional sensitivity of 
f30° yaw angle, which meets the requirement of this 
experiment. Only one flow passage is studied due to 
the periodicity of the cascade passage flows. In addi-
tion, because of the symmetry of the cascade with re-
spect to the midspan, only the lower half of the cas-
cade is measured. Fig.6 specifies the test points at the 
cascade outlet, which are made denser near the trailing 
edge and the endwall in the light of prior studies. 
 
Fig. 6  Test points of outlet. 
4. Results and Discussion 
4.1. Loss distribution 
Fig.7 compares the contours of total pressure loss 
coefficients and the streamline fields at the cascade 
outlet. The total pressure loss coefficient is defined as 
t0 t
0v
p p
p
ω
−
=                (1) 
where pt0 and pv0 picked up by an anemometer denote 
inlet total pressure and inlet dynamic pressure respec-
tively and pt the total pressure at the cascade outlet 
taken by the five-hole probe. In the following text,ω  
represents pitch mass-averaged total pressure loss co-
efficient and mω  the global mass-averaged total pres-
sure loss coefficient. 
Fig.7 shows that the core of the passage vortex lo-
cates closer to the endwall and farther away from the 
suction surface than the core of high loss region does 
especially in the prototype. This might be attributed to 
that though the loss resulting from the passage vortex 
constitutes a significant component of the cascade total 
loss, yet the wake loss remains considerable in the 
cascade under study. The passage vortex shrinks and 
the degree of order near the midspan region also 
somewhat decreases at the small suction flow rate, i.e. 
0.5% of inlet mass flow. This appears more evident 
when an upstream suction presents. This phenomenon 
can be explained by the existence of a slot disturbing 
the flow field to some degree. As the suction flow rate 
increases, the core of the high loss region gradually 
shifts down to the endwall, i.e. closer to the passage 
vortex core, the streamlines of the pressure face side 
tend to achieve longer spanwise displacements and the 
scale of the passage vortex continues decreasing while 
the position of the vortex core rarely changes. This 
suggests that boundary layer suction at suction surface 
affects the blending in the wake and brings about ef-
fective reduction of the wake loss. 
Compared with the baseline, the distribution of the 
total pressure loss changes as the suction position or 
the suction flow rate varies. For Slot 1 case, the 
pitch-wise width of high loss region at the midspan 
changes little compared with that of the baseline when 
the suction flow rate is 0.5% of the inlet mass flow. As 
it increases to 1.0%, the loss around the midspan re-
duces apparently, but the loss in the range of 20%-30% 
of the blade height increases. When the suction flow 
rate rises to 1.5% of the inlet mass flow, the distribu-
tion of loss keeps unchanged. This can be explained by 
the suction flow rate that is too small to exert influ-
ences upon the loss at the midspan when the suction 
position is close to the blade’s leading edge because 
the slot also destroys the geometry of the blade caus-
ing some additional losses. The beneficial effect of 
boundary layer suction becomes more significant dur-
ing the suction flow rate increasing up to 1.0% of the 
inlet mass flow. Further increase in suction flow rate 
has little effects on the loss reduction. Therefore 1.0% 
could be considered as the critical value of the suction 
flow rate that the boundary layer suction to do its ut-
most justice for Slot 1 case. 
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Fig. 7  Lower half span of loss contours and streamline field at outlet of cascade. 
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For Slot 2 case, the loss variation with the suction 
flow rate tends to be quite similar to that of Slot 1 case, 
except that the loss reduction at midspan is more ob-
vious at the low suction flow rate, for instance at 0.5% 
of the inlet mass flow. This suggests that the boundary 
layer suction for this case appears to be more effective 
than that for Slot 1 case at low suction flow rates. 
For Slot 3 case, the value of 1.0% is no longer the 
limit to obtaining the highest benefit from boundary 
layer suction. The loss at the midspan further decreases 
as the suction flow rate is raised from 0 to 1.5% of the 
inlet mass flow. Besides, the cascade with Slot 3 offers 
better effects at low suction flow rates than both with 
Slot 1 and Slot 2. 
For Slot 4 case, which the suction slot is located at 
60% of the chord, the boundary layer suction could 
especially be effective. The loss reduces from 20% of 
the blade height to the midspan. The high-loss region 
near the hub shrinks apparently. As the suction flow 
rate rises, the loss tends to decrease more. This implies 
that the suction flow rate required to bring the strong 
suit of boundary layer suction into full play is larger 
than 1.5% of the inlet mass flow for Slot 4 case. The 
loss tends to further decrease if the suction flow rate 
continues to increase. 
To sum up, it is evidenced that as the loss in every 
cascade with application of boundary layer suction is 
less than the one without it and the structure of the 
flow field does not subject to constitutional changes 
after suction, and the boundary layer suction is an ef-
fective way to improve the aerodynamic performance 
of the high-load compressor cascade. The loss near the 
blade midspan is reduced most significantly by the 
applied manner of the boundary layer suction in re-
ducing the thickness of the wake and thereby decreas-
ing the loss out of the wake. And this trend becomes 
more obvious when the suction happens at 60% of the 
chord in all the cases studied herein. The boundary 
layer suction has scarcely any effect on endwall loss 
reduction when the slot is located too closely to the 
blade leading edge. It implies that the suction position 
is more important than the suction flow rate in reduc-
ing the cascade loss based on the variation of the 
high-loss core region near the endwall. 
4.2. Influence of suction flow rate 
Fig.8 shows the distribution of the total pitch 
mass-averaged pressure loss coefficients at the outlet 
of the cascades. Compared with the baseline, a sig-
nificant reduction in total pressure loss is noticed from 
20% of the blade height to the midspan as a result of 
boundary layer suction. As shown in Fig.8, different 
arrangements of suction slot produce different degrees 
of loss reduction. 
 
 
 
Fig.8  Distribution of pitch mass-averaged total pressure 
loss coefficient at different suction flow rates. 
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Remarkably favorable effects of boundary layer suc-
tion might be attained mainly around the midspan. As 
mentioned above, only in Slot 1 case with the suction 
slot at 25% of the chord, there is hardly any positive 
effect taking place at the suction flow rate of 0.5%, 
because the slot is distanced too far away to control the 
large scale flow separation downstream and it destroys 
the smooth geometry structure of the flow passage. 
Increasing suction flow rate is accompanied by the 
reduction of loss near midspan at first and its effects 
fade away as it gradually increases to the critical suc-
tion flow rate. In Fig.8(a), the two curves representing 
the suction flow rates of 1.0% and 1.5% of inlet mass 
flow in Slot 1 case are almost superposed along the 
whole blade height. Besides, for all slot cases, the loss 
difference between the rates of 1.0% and 1.5% of the 
inlet mass flow is smaller than those between 0.5% 
and 1.0%. It indicates the loss distribution stops 
changing when the suction flow rate exceeds a fixed 
value, which also increases as the suction position 
moves downstream. As the suction flow rate rises, 
more and more low-energy fluid is removed from the 
flow passage, thus leading to the blockage of flow 
passage caused by the accumulation of low-energy 
fluid due to the flow separation in such a high-load 
compressor cascade to get considerably alleviated, 
aiding it in further reduction of loss. However, exces-
sive suction might be of no use for continuing loss 
reduction, but draw out high-energy fluid from the 
mainstream thereby draining shaft work instead. Thus 
the overall performance of the engine is likely to be 
worsened, although the performance of some compo-
nents in it, such as the compressor, might be improved. 
The optimum suction flow rate, therefore, should be 
determined by the engine as a whole rather than by the 
total loss reduction of the compressor or any other 
components. This is the reason why this article does 
not try to find optimum suction flow rates anymore. 
In Figs.8(c) and (d), the region below 8% of the 
blade height has seen obvious benefits which cannot 
be discovered in Figs.8(a) and (b). This can be attri- 
buted to the relative positions of the slots with regard 
to the separation point where the separation curve on 
the suction surface starts. Fig.9 shows the location of 
the separation point is about 40% of the chord at the 
blade root. This means Slot 3 and Slot 4 are located 
downstream of the separation point; but, at the two 
slots, i.e. 48% and 60% of the chord, the scale of flow 
separation is small and the passage vortex is not too far 
away from the blade surface. The low-energy fluid 
from both the upstream blade surface and the suc-
tion/endwall corner region is sucked away from the 
flow passage, thus enhancing the kinetic energy of the 
downstream boundary layer, strengthening its ability to 
resist the flow separation and decreasing more down-
stream loss. 
 
Fig.9  Ink-trace flow visualization of prototype’s suction 
surface. 
In addition, at a low suction flow rate (β = 0.5%), 
loss reduction in the region between 18% and 25% of 
blade height is more obvious when the suction position 
is fixed. This might result from the manner that trans-
ports sucked low-energy fluid through the endwall. 
The low pressure around the blade hub caused by the 
suction manner makes the high loss core transfer 
downwards to the endwall, and the energy of the 
sucked fluid at the position from 18% to 25% of the 
blade height in the cases of small suction flow rates is 
lower than that of the transferred fluid, or the mass of 
the transferred low-energy fluid is less than that of the 
suction flow. For the cases with a higher suction flow 
rate, it does not act like this in the spanwise region.  
Fig.10 briefly demonstrates the influences of suction 
rate on the boundary layer suction. The cascade has 
seen different cuts to losses as the suction flow rate 
grows in the four above-cited suction cascades. The 
reduction of relative total loss coefficient varies from 
4.5% (for Slot 1 cascade, β = 0.5%) to 16.5% (for Slot 
4 cascade, β =1.5%) compared to the baseline. 
 
Fig.10  Variation of total mass-averaged loss coefficients 
under different suction flow rates. 
Fig.10 displays that boundary layer suction at 60% 
of chord appears to have the most beneficial effects,  
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characterized by the minimum cascade total loss at the 
same suction flow rate. Moreover, the plot of Slot 4 
tends to drop as the suction flow rate changes from 
1.0% to 1.5% of the inlet mass flow; while the other 
plots come to gentle falling. There seems to be a limi-
tation in suction rate for each suction location as men-
tioned above. This suggests that the cascade with 
boundary layer suction at shorter distances to the trail-
ing edge owns a broader range of suction flow rates to 
do their justice for the cases studied in the article. 
4.3. Influence of suction position  
Fig.11 compares the losses of the boundary layer 
suction at different positions. When the suction flow 
rate is 0.5% of inlet mass flow (see Fig.11(a)), the slots 
near the forehead of blades reduce the loss only in the 
region between 20% and 40% of the blade height. This 
might be ascribed to the huge distance between the 
suction slot and the flow separation position that 
makes the boundary layer suction less effective at the 
midspan of the flow passage. When the suction posi-
tion moves to 35% and 48% of the chord, the loss de-
creases more significantly at midspan but less in the 
region from 20% to 35% of blade height than the case 
with Slot 1. When the suction position moves further 
downstream to 60% of the chord, where separation has 
already happened, the low-energy fluid inside the 
separation region could be sucked away obviously. 
Therefore, the total pressure loss coefficient has seen a  
 
 
Fig.11  Distribution of pitch mass-averaged total pressure 
loss coefficients at different suction locations. 
clear reduction in the region below 30% of the blade 
height with minor changes around the midspan if com-
pared with Slot 3 case. 
When the suction flow rate increases to 1.0% of the 
inlet mass flow (see Fig.11 (b)), the effects of the 
boundary layer suction are heightened at the midspan 
of the flow passage, especially in the case with Slot 1. 
But compared with the baseline, the decreases in the 
total pressure loss coefficients at the midspan in the 
cases with Slots 2, 3 and 4 are still more obvious than 
in the case with Slot 1. This is true of the case at the 
0.5% suction flow rate at the other spanwise locations. 
When the suction flow rate increases to 1.5% of inlet 
mass flow (see Fig.11 (c)), the total pressure loss be-
tween 10% and 25% of the blade height in the case 
with Slot 4 decreases a lot while cases with other slots 
change very little compared with the prototype case. 
This means that high suction flow rate can gain more 
performance improvement if the suction position lo-
cates into the separation region.  
Fig.12 shows the influences of suction position on 
the overall performance of the compressor cascade. It 
evinces that the total pressure loss decreases as the 
suction position moves downstream when the suction 
flow rate is fixed. Constrained by the metal processing  
 
Fig. 12  Variation of total mass-averaged loss coefficients at 
different suction locations. 
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difficulties, the suction slots could not be disposed at 
every site of the blade chord as is wanted. And there 
still remains a question whether there is an optimum 
suction position other than what is now considered the 
site where the flow separation just happens[19]. This is 
the problem awaiting to be settled. Anyway, in this 
article, the experimental results show that the best suc-
tion position would be behind the point where flow 
separation starts. Disparity in conclusions drawn by 
different researchers might arise from the different 
blade profiles adopted during study. 
5. Conclusions 
The loss of a high-load compressor cascade can be 
reduced by means of boundary layer suction. By in-
creasing the suction flow rate at a proper position, a 
maximum reduction of 16.5% in the total pressure loss 
could be achieved in comparison with the cascade 
without boundary layer suction. Due to the difficulty 
in metal processing of a suction slot, the optimal suc-
tion position has not been found for the cases under 
study. However, the results suggest that the loss could 
be further reduced if the optimal suction position is 
finally identified.   
The boundary layer suction at the suction surface 
brings the wake under effective control and effectuates 
remarkable loss reduction at the midspan of the flow 
passage in all the cases under study. The endwall loss 
reduction is only visually discovered when the suction is 
applied to where the boundary layer deviates not too far 
from the blade surface (for instance, Slot 3 and Slot 4). 
Low suction flow rates are sufficient for achieving 
noticeable improvements in performances when the 
boundary layer is applied at the position near the lead-
ing edge. However, in this case, continuing to increase 
the suction flow rate would result in slim and limited 
effects. It is evidenced that the proper suction position 
plays a more active role in reducing the loss of cascade 
than the suction flow rate. Consequently, it is more 
important to find out the optimal suction position than 
to determine the appropriate suction flow rate.  
The optimal suction position has not been obtained 
from the experiments due to the above-said metal 
processing difficulties. A numerical simulation is ex-
pected to be carried out to find out it in the next step. 
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